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2.1 Collins
Collins 1 1
$y,$ $\cdots,$ $z$ $y_{i},$ $\cdots,$ $z_{i}(i=1, \cdots, N)$
$N$ 1
$\mathrm{r}\mathrm{e}\mathrm{s}(F(x, y_{i}, \cdots, z_{i}), G(x, y_{i}, \cdots, z_{i}))$, $i=1,2,$ $\cdots,$ $N$ (1)
( ) $y,$ $\cdots,$ $z$
Lagrange Newton (













, $G_{r}$ $F_{f},$ $G_{f}$
$\mathrm{r}\mathrm{e}\mathrm{s}(F_{r}, G_{r})$ $\mathrm{r}\mathrm{e}\mathrm{s}(F_{f}, c_{f})$
$\mathrm{r}\mathrm{e}\mathrm{s}(F_{f,f}c)$ (
) $\mathrm{r}\mathrm{e}\mathrm{s}(F_{f}, G_{f})$ ( )
$\mathrm{r}\mathrm{e}\mathrm{s}\mathrm{S}\mathrm{o}$ : (Original)
$\mathrm{r}\mathrm{e}\mathrm{s}\mathrm{S}\mathrm{i}$ : (Improved)
$\mathrm{r}\mathrm{e}\mathrm{s}\mathrm{C}\mathrm{r}$ :Collins ( )











$\deg(R2,1)=17$ , $0.00045<|\mathrm{c}\mathrm{o}\mathrm{e}\mathrm{f}\mathrm{f}(R2,1)|<6.17$ .
$R_{2,1}$ Bezout 20 $(y0, y1, y2, \cdots, y_{2}\mathrm{o})$
$r,$ $c$
$\{$
$(-10_{r}, -9r, \cdots , -r, 0, +r, \cdots , +9r, +10r)$
$(-5c, -(4\pm i)c,$ $\cdots,$ $-(1\pm 4i)_{C,(}\mathrm{o}\pm 5i)C,$ $+(1\pm 4i)C,$ $\cdots,$ $+(4\pm i)_{C,+5}C)$
(3)
1:




















(1)23, (2)11, (3)6, (4)15, (5)39, (6)36, (7)44, (8)30, (9)23
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$F=fn+1x^{n}++1fnX+n\ldots+f\mathrm{o}$ , $G=gn^{X}n+gn-1x+n-1$ . . . $+g_{0}$ . (4)
$P_{3}\equiv \mathrm{r}\mathrm{e}\mathrm{m}\mathrm{a}\mathrm{i}\mathrm{n}\mathrm{d}\mathrm{e}\mathrm{r}(g_{n}F, G)2$
$P_{3}$ $=$ $g_{n}^{2}F-(g_{n}f_{n+}1x+gnf_{n}-g_{n-}1f_{n}+1)G$
$=$ $x^{n-1}+\cdot$ . . $+x^{i}+\cdot$ . . . (5)






















$C=c_{l}y^{\iota}+\cdots+c0$ , $D=d_{m}y^{m}+\cdots+d_{0}$ , $(l>m)$ . (8)
$D$ $C$ $y^{i}(i=\iota, \iota-1, \cdots, m)$ $y^{l}$
$C^{l}:=C-(c_{l}/d_{m})y^{\iota-m}\mathrm{x}D$ (9)
quotient $(C, D)=(c\iota/d_{m})y^{\iota-m}+\cdots$ $C=QD+R,$ $||C||=$
$||D||=1,$ $||Q||\simeq 1,0<|d_{m}|\ll 1$ ( )
$c_{\iota’}’=c_{\acute{\iota}^{l}}y^{\iota}’+\cdots+c_{0}$’
$Q$ $y^{l^{l}-m}$ $c_{l’}’/d_{m}$ $||Q||\simeq 1$ $|c_{l^{t}}^{t}/d_{m}|\sim<1$
$|c_{l^{J}}’|\sim<|d_{m}|\ll 1$ $C$






$\tilde{P}_{5}$ 5 $P_{3}$ , $P_{4}$
$P_{3}=C_{2}(y)_{X^{2}}+C_{1}(y)x+C_{0}(y)$ , $P_{4}=D_{1}(y)x+D_{0}(y)$ (10)
$P_{3},$ $P_{4}$
$C_{2}$ $=$ 0.076 $\cdots y^{6}+\cdot,$ . , $||C_{2}||$ $\simeq$ 0.59
$D_{1}$ $=$ 0.0082 $\cdots y11+\cdots$ , $||D_{1}||$ $\simeq$ 1.9
$D_{1}^{2}C_{2}$ $=$ 0.0000050 $\cdots y^{28}+\cdots$ , $||D_{12}^{2}C||$ $\simeq$ 5.0




(10) $P_{3}$ $x^{2}$ $P_{4}$
$P_{3}’.:=D1P3^{-X}C2P_{4}=(D_{1}C_{1}-C2D0)x+D_{1}C_{0}$ (11)
$P_{3}^{J}$ $x$ $\mathrm{p}_{\Gamma}\mathrm{e}\mathrm{m}(P_{3}, P_{4})$
prem$(P3, P4):=D_{1}P_{3}-l1\mathrm{C}(P_{3}^{;})P_{4}$ (12)
$\tilde{P}_{5}$
5 1.4 $\cross 10^{-11}$
$P_{4}$ $P_{5}$
4.3 Collins
Collins Lagrange $(y0, y_{1}, \cdots, y_{N})$ ,
$(v_{0}, v_{1}, \cdots, v_{N})$ $P(y)$ $P(y)\leq N$
P(
$P(y)= \sum v_{i^{\frac{\prod_{j=0,’\neq i}^{N}(y-y_{j})}{\prod_{j=0\neq i}^{N}(yi-y_{j})}}}i=0N$ (13)
128
$P(y_{i})=v_{i}(i=0,1, \cdots , N)$ $Q(y)$ $P(y)$ (15)
$Q(y)= \prod_{=j0}^{N}(y-yj)$ , $Q’(y)= \frac{dQ(y)}{dy}$
.
(14)
$P(y)= \sum_{i=0}v_{i}PNi(y)$ , $\text{ }$ $P_{i}(y)= \frac{Q(y)/(y-y_{i})}{Q’(y_{i})}$ (15)
$P_{i}(y)$ $\mathrm{A},\mathrm{B},\mathrm{C}$
$P_{10},$ $P_{15},$ $P_{2}0$
$A:(y0, y_{1}, \cdots, y_{20})=(-10., -9.\mathrm{o}, -8.0, \cdots, 0, \cdots, 9.0,10.)$
$B:(y0, y_{1}, \cdots, y_{20})=(-3.0, -2.7, -2.4, \cdots, 0, \cdots, 2.7,3.0)$
$C:(y_{0}, y_{1}, \cdots, y_{20})=(-1.0, -\mathrm{o}.9, -\mathrm{o}.8, \cdots 70, , , *, 0.9,1.0)$
$A$ $\{$
$P_{10}=7.59\cdots 10-14y20+\cdots-6.27\cdots 10^{-4}y^{1}0+\cdots+1$
$P_{15}=-6.37\cdots 10^{-}15y20+\cdots+2.56\cdots 10^{-5}y^{1}0+\cdots+0.0167\cdots y$






$M$ $n\cross n$ $M^{(k)}$ $(n-k)\cross(n-k)$ $ij$ $M_{ij}^{(k)}$
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